The Relationship between Inferior Vena Cava Distensibility and Arterial Blood Pressure by Yoshioka Akira et al.
9Short Report
Kawasaki Journal of Medical Welfare Vol. 17,  No. 1, 2011 9-13
Introduction
　The venous vasculature, called the capacitance vessel [1], has the main capacitive function as 
approximately 70% of the total blood volume is contained within the venous compartment [2, 3]. The veins, 
especially splanchnic veins, deep limb veins and cutaneous veins, are capable of active and passive changes 
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Abstract
　The purpose of this study was to clarify the relationship between the inferior vena cava 
GLVWHQVLELOLW\DQGEORRGSUHVVXUH6L[-DSDQHVHKHDOWK\PDOHVYROXQWHHUHGWRSDUWLFLSDWHLQWKLV
VWXG\:HPHDVXUHGWKHFURVVVHFWLRQDODUHDRILQIHULRUYHQDFDYD&6$LYFDQGEORRGSUHVVXUH
at rest and during passive leg raising in supine position. We calculated the change rates of each 
parameter, based on the value at rest in supine position. We observed a negative correlation 
EHWZHHQWKHFKDQJHUDWHRI&6$LYFDQGV\VWROLFEORRGSUHVVXUH37KHVHUHVXOWVVXJJHVWWKDW
the inferior vena cava distensibility affects partially systolic blood pressure.
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Methods
Subjects
　-DSDQHVHKHDOWK\PDOHVQ YROXQWHHUHGWRSDUWLFLSDWHLQWKLVVWXG\7KHPHDQVRIWKHLUDJHKHLJKW
DQGERG\ZHLJKWZHUH\HDUVFPDQGNJUHVSHFWLYHO\$OOVXEMHFWVZHUHQRQ
smokers. None of them were taking any medications or had current or past evidence of any cardiovascular 
GLVHDVH:HLQIRUPHGHDFKVXEMHFWRIWKHSURFHGXUHVWREHXWLOL]HGDVZHOODVWKHSXUSRVHRIWKLVVWXG\$OO
VXEMHFWVVLJQHGLQIRUPHGFRQVHQWIRUPVSULRUWRSDUWLFLSDWLRQLQWKLVVWXG\$OOSURFHGXUHVRIWKLVVWXG\
were approved by the ethics board at Kawasaki University of Medical Welfare.
Experimental procedures
　7KH&6$LYFV\VWROLFDQGGLDVWROLFEORRGSUHVVXUH6%3DQG'%3DWUHVWDQGGXULQJ3/5LQVXSLQH
SRVLWLRQRIHDFKVXEMHFWZHUHPHDVXUHG7KHSRVWXUHGXULQJ3/5LQHDFKVXEMHFWZDVVHWDWWKHKLSMRLQW
IOH[LRQSRVLWLRQRIGHJUHHVLQVXSLQHSRVLWLRQ)LJ:HSUHVFULEHGWKDWHDFKVXEMHFWDEVWDLQVIURP
caffeine, intensive exercise and drinking on the night before the test, and fasted for at least 3 hours before 
the test.
Fig. 1    Passive leg raising
The measurement of CSAivc and blood pressure
　We created the cross-sectional image of inferior vena cava for a minute at the 12th thoracic vertebra 
OHYHOXVLQJXOWUDVRXQG%PRGH3/866RQR6LWH,1&:$86$DQGUHWULHYHGWKHVHLPDJHVWRD
SHUVRQDOFRPSXWHUYLDGLJLWDOYLGHRFRQYHUWHU$'9&&DQRSXV&R/7'.REH-DSDQ:HVDPSOHG
the five cross-sectional pictures of inferior vena cava during expiration, which is reproducible [7], from 
recorded image, and calculated the cross-sectional area of each pictures, using the image analysis software 
1,+LPDJH1,+86$7KHQZHFDOFXODWHGWKHDYHUDJHYDOXHRIWKRVHDQGGHÀQHGWKHDYHUDJH
YDOXHDV&6$LYFLQHDFKFRQGLWLRQ
　6%3DQG'%3ZHUHPHDVXUHGXVLQJDQHURLGVSK\JPRPDQRPHWHU6%3DQG'%3GXULQJ3/5LQVXSLQH
position were measured within a minute of the raising legs.
Statistical analysis
　6%3DQG'%3ZHUHSUHVHQWHGDVPHDQVVWDQGDUGGHYLDWLRQ6'0HDQGLIIHUHQFHVRI6%3DQG'%3
ZHUHH[DPLQHGXVLQJ6WXGHQW·VSDLUHGWWHVW:HFDOFXODWHGWKHFKDQJHUDWHVRIHDFKSDUDPHWHUZLWK3/5
EDVHGRQWKHYDOXHDWUHVWLQVXSLQHSRVLWLRQ7KH3HDUVRQ·VFRUUHODWLRQFRHIÀFLHQWVZHUHFDOFXODWHGWRWHVW
IRUVLJQLÀFDQFHRIWKHOLQHDUUHODWLRQVKLSEHWZHHQWKHFKDQJHUDWHVRI&6$LYFDQGWKHFKDQJHUDWHVRI6%3
DQG'%3
　3ZDVFRQVLGHUHGWREHVWDWLVWLFDOO\VLJQLÀFDQW
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Results and Discussion
　7KHUHZHUHQRFRQGLWLRQGLIIHUHQFHVLQ6%3DQG'%37DEOH:HREVHUYHGWKHVLJQLILFDQWQHJDWLYH
FRUUHODWLRQEHWZHHQWKHFKDQJHRI&6$LYFDQGWKHFKDQJHRI6%33U \ [
)LJ+RZHYHUWKHUHZDVQRVLJQLILFDQWFRUUHODWLRQEHWZHHQWKHFKDQJHRI&6$LYFDQGWKHFKDQJHVRI
'%316U )LJ
Table 1    Systolic and diastolic blood pressure in supine position and during passive leg raising
'DWDZHUHPHDQ6'1RWVLJQLÀFDQW
　The main finding of this study was that a negative correlation was observed between the change of 
&6$LYFDQGWKHFKDQJHRI6%37KHVHUHVXOWVVXJJHVWHGWKDWWKHLQIHULRUYHQDFDYDGLVWHQVLELOLW\PLJKW
DIIHFW6%3
　We considered that there were two possible mechanisms responsible for the distensibility of inferior vena 
FDYD2QHZDVWKHIXQFWLRQVZKLFKUHJXODWHGLQIHULRUYHQDFDYD,QSUHYLRXVVWXG\ZHUHSRUWHGWKDWWKH
LQIHULRUYHQDFDYDPLJKWEHWKHRUJDQWKDWLVQRWMXVWDSRRORIEORRGEXWFRQWUROVDGHTXDWHO\WKHYROXPH
RIYHQRXVUHWXUQWRKHDUW>@DQGWKHYDVFXODUFDSDFLWDQFHRILQIHULRUYHQDFDYDPLJKWEHUHJXODWHGE\WKH
QHXURKXPRUDOV\VWHPDQGUHJLRQDOIDFWRUDVZHOODVYHLQVDQGYHLQXOHVEHFDXVHWKHLQFUHDVHRI&6$LYF
GXULQJ3/5DWUHVWGLVDSSHDUHGDIWHUKLJKLQWHQVLW\H[HUFLVH>@5HJXODWLRQRIWKHYHQRXVV\VWHPZDV
Fig. 2    Correlation between the change rates 
of cross sectional area of inferior vena cava and 
systolic blood pressure with passive leg raising, 
based on the value at rest in supine position
Fig. 3    Correlation between the change rates 
of cross sectional area of inferior vena cava and 
diastolic blood pressure with passive leg raising, 
based on the value at rest in supine position
$NLUD<RVKLRND.D]XNL1LVKLPXUD.D]XWRVKL6HNL.HLWD$UDNDQH7DWVX\D6DLWR7HUXPDVD7DNDKDUDDQG6KR2QRGHUD12
GRPLQDWHGE\WKHEDURUHFHSWRUUHÁH[V\VWHPVEDURUHÁH[ZKLFKZHUHWKHQHXURFDUGLRYDVFXODUUHÁH[HV
that operated in a negative feedback system [9], mediated sympathetic nerve system [3]. Thus, we suggest 
WKDWWKHFKDQJHVRIYHQRXVWRQHZKLFKDUHHYRNHGE\WKHEDURUHÁH[PHGLDWHGV\PSDWKHWLFQHUYHV\VWHP
FDXVHGWKHFKDQJHVRI&6$LYFGXULQJ3/57KHDUWHULDOEDURUHÁH[VHQVLWLYLW\UHODWHGWRWKHFRPSOLDQFHRI
an artery in which artery baroreceptors are located [10]. In young men, whereas the differences in arterial 
compliance between the sedentary men and endurance trained men [11], resistance training reduced 
DUWHULDOFRPSOLDQFH>@,QWKLVVWXG\WKHLQIHULRUYHQDFDYDGLVWHQVLELOLW\LQDVXEMHFWZKRKDGUHVLVWDQFH
WUDLQLQJKDELWVWHQGHGWREHORZHUWKDQWKHRWKHUVXEMHFWV:HFRQVLGHUHGWKDWLIWKHYHQRXVWRQHVRILQIHULRU
vena cava were modulated via baroreflexes, the decrease of arterial baroreflex sensitivity, induced by 
resistance training, affected the decrease of inferior vena cava distensibility. The other possible mechanism 
was the structures of inferior vena cava. Miyachi et al. [12] suggested that the changes of the arterial 
structure and/ or the arterial load-bearing properties of collagen and elastin might cause the decrease 
of arterial stiffness with resistance training. The previous study of inferior vena cava reported that the 
LQFUHDVHRI&6$LYFZDVLQGXFHGE\KLJKLQWHQVLW\HQGXUDQFHWUDLQLQJ>@7KHVHÀQGLQJVVXJJHVWHGWKDW
the habitual exercise and lifestyle might alter the structures of inferior vena cava as well as artery because 
WKHPDMRUFRPSRQHQWVRIYHLQVDUHWKHVPRRWKPXVFOHDQGWKHÀEURXVSURWHLQVFROODJHQDQGHODVWLQDVZHOO
as arteries [9] while the veins have more collagen, but less elastin and smooth muscle than arteries [4]. 
+RZHYHUWKHUHZHUHQRGDWDDYDLODEOHWRVXSSRUWDGHTXDWHO\WKHVHPHFKDQLVPV
　7KHFRUUHODWLRQEHWZHHQWKHFKDQJHRI&6$LYFDQGWKHFKDQJHVRI'%3ZDVQRWVLJQLÀFDQWLQWKLVVWXG\
There was a negative correlation between muscle sympathetic nerve activity, which contributes the control 
RIYDVFXODUUHVLVWDQFHDQG'%3>@:HLPSOLHGWKDWWKHYDVFXODUUHVLVWDQFHUDWKHUWKDQWKHYROXPHRI
YHQRXVUHWXUQPLJKWDIIHFW'%3
　7KLVVWXG\KDGVHYHUDOOLPLWDWLRQV)LUVWZHPHDVXUHGHDFKSDUDPHWHUZLWKLQDPLQXWHDIWHUWKHFKDQJH
of posture. Therefore, the changes of each parameter over time were not made clear. The vasoconstriction 
UHVSRQVHVWRWKHFKDQJHLQSRVWXUHZHUHUHODWLYHO\TXLFNZKHUHDVWKHFKDQJHVLQYHQRXVWRQHRFFXUUHG
PXFKPRUHVORZO\>@:HFRQVLGHUHGWKDWYHQRXVWRQHUHVSRQGHGZLWKLQVHFRQGVDIWHUWKHFKDQJHV
LQSRVWXUH>@:HLPSOLHGWKDWZHPLJKWREWDLQILQGLQJVZKLFKGLIIHUIURPWKHUHVXOWVREWDLQHGLQWKLV
VWXG\LIZHHYDOXDWHGFRQWLQXRXVO\WKHSDUDPHWHUVVRRQDIWHUWKHFKDQJHVLQSRVWXUH6HFRQGWKLVVWXG\
ZDVWKHFURVVVHFWLRQDOVWXG\7KHUHIRUHZHPXVWFRQÀUPWKHVXJJHVWLRQVZKLFKZHUHREWDLQHGLQWKLV
study, in future studies focusing on the relationship between inferior vena cava distensibility and the other 
IDFWRUVDJLQJKDELWXDOH[HUFLVHDQGVRRQ+RZHYHUZHHPSKDVL]HGWKDWWKHÀQGLQJLQWKLVVWXG\ZDV
availability to hypothesize the relation of inferior vena cava distensibility and the other factors. 
　,QFRQFOXVLRQDQHJDWLYHFRUUHODWLRQZDVREVHUYHGEHWZHHQWKHFKDQJHRI&6$LYFDQGWKHFKDQJHRI6%3
ZLWK3/5
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